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SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY

GEOLOGY OF PRECAMBRIAN ROCKS, CENTRAL CITY DISTRICT, COLORADO

By P. K. Sims and D. J. GaBLe

ABSTRACT

The Central City district, one of the major metal-mining
areas in the Colorado mineral belt, is in the central part of the
Front Range. It lies within a terrane of Precambrian rocks
and is located at an intrusive center of early Tertiary (Lara-
mide) porphyritic igneous rocks. The Precambrian rocks in-
clude a variety of metamorphic and igneous rocks that are
representative of a large segment of the core of the Front Range.

The oldest Precambrian rocks in the district are interlayered
gneisses that constitute part of a well-defined layered succes-
sion. The lowermost rock unit exposed in the district is
microcline-quartz-plagioclase-biotite gneiss, which forms a layer
about 3,000 feet thick. It is overlain by a biotite gneiss unit
of comparable thickness. The biotite gneiss unit consists of
two principal rock types: sillimanitic biotite-quartz gneiss and
biotite-quartz-plagioclase gneiss, which are interlayered on dif-
ferent scales, and local lenses of garnetiferous biotite-quartz-
plagioclase gneiss. All the biotite gneisses contain pegmatite,
either as thin conformable stringers and layers, which constitute
migmatite, or as larger discrete bodies. Associated with these
major units are relatively small bodies of amphibolite, cale-sili-
cate gneiss, and cordierite-amphibole gneiss. The amphibolite
and the cordierite rocks are confined to the microcline-quartz-
plagioclase-biotite gneiss unit.

The layered rocks are interpreted to be metamorphosed sedi-
mentary rocks. The microcline-quartz-plagioclase biotite gneiss,
which was considered by earlier investigators as a metamor-
phosed igneous rock, is interpreted te be a metamorphosed felds-
pathic sandstone that originally had a high Na.O/K.0 ratio.
The biotite gneisses—the Idaho Springs Formation of earlier
investigators—are probably derived from an originally inter-
bedded graywacke and shale or argillite succession. The biotite-
quartz-plagioclase gneiss, which has an abnormally high
Na.O/K:0 ratio, may be metamorphosed graywacke; the silli-
manite gneiss, which contains K.O in excess of Na:0, may be a
metamorphosed shale. The close chemical similarity of the
biotite gneisses with their presumed unmetamorphosed equiva-
lents is interpreted to indicate that the mineral assemblages
that were formed depended mainly upon the composition of
the original sediments; probably little material was added or
subtracted during metamorphism. The minor rock units are
probably metamorphosed carbonate rocks of differing purity.

Three main types of Precambrian intrusive rocks—emplaced
in the order (1) granodiorite and associated rocks, (2) quartz
diorite and hornblendite, and (3) biotite-muscovite granite—cut
the layered rocks of the district. The granodiorite occurs as

subconcordant folded sheets and as phacoliths(?). Individual
bodies range systematically in composition from quartz diorite
to quartz monzonite but are dominantly granodiorite. The next
younger intrusive, quartz diorite and hornblendite, forms small
stubby lenses that also are subconcordant to the country rocks;
hornblendite is the dominant phase in most of the bodies. The
youngest Precambrian intrusive rock, biotite-muscovite granite,
forms small irregular dikelike or slightly hook-shaped bodies
that are discordant to the country rock. The granodiorite and
probably also the quartz diorite and hornblendite are folded
and partly or completely recrystallized. The biotite-muscovite
granite, on the other hand, has a primary flow structure, yet it
locally appears to form phacoliths.

The metamorphosed rocks contain mineral assemblages that
accord in general with the upper range (sillimanite-almandine
subfacies) of the almandine amphibolite facies.

The Precambrian rocks are folded along northeast-trending,
nearly horizontal axes. The major fold is an upright, broad,
gently arched anticline that bisects the district. Subparallel
folds of lesser magnitude that are mainly open folds but include
tight upright folds and recumbent folds occur on the limbs of
the anticline. Locally, folds that trend nearly at right angles
to the major folds are present, but these do not notably affect
the structural and lithologic framework. Lineations that
parallel the major fold axes and that are nearly normal to them
are cogenetic with the folding.

The major folds, the minor folds that are normal to them, and
the cogenetic lineations were formed during the older plastic
deformation recognized in the central part of the Front Range.
The mechanism of folding was almost entirely flexure slip; less
resistant layers within the succession yielded in part by small-
scale folding, resulting in drag folds.

The Precambrian intrusive rocks were emplaced during the
deformation, and accordingly they can be classed as syntec-
tonic. The older intrusive-rock units—granodiorite and quartz
diorite and hornblende—were emplaced early during the pericd
of tectonism and were deformed, whereas the younger biotite-
muscovite granite was emplaced in the waning stages and
escaped crushing and recrystallization.

INTRODUCTION

As one part of a comprehensive study of the Central
City district, Colorado, the Precambrian bedrock was
mapped in detail. The purpose of the detailed mapping
was to determine the relation of these rocks to the
younger (Laramide) ores and to obtain background in-
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formation essential to projected studies in other parts
of the Front Range. The reports on the economic
phases of the study have been published (Sims, Drake,
and Tooker, 1963 ; Sims and others, 1963). The present
report describes the lithologic succession, petrography,
chemical composition, and structure of the Precambrian
rocks. It should prove useful in planning any future
deep mining exploration in the district and will con-
tribute to a better understanding of the geology of the
central part of the range.

The Central City district is in south Gilpin County,
in the central part of the Front Range (fig. 1). It lies
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FI1GURE 1.—Map of the Front Range, Colo., showing the location of the
Central City district.
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within the Colorado mineral belt, about midway between
Jamestown on the northeast and Breckenridge on the
southwest. The district, as defined by the U.S. Geologi-
cal Survey, constitutes an area of about 12 square miles
in the east-central part of the Central City Tl4-minute
quadrangle and the extreme west-central part of the
Black Hawk 7l4/-minute quadrangle. It is about 12
miles east of the crest of the range, in a region charac-
terized by a relatively gentle slope to the east and by
many dissected upland surfaces. Altitudes range from
8,000 feet in the eastern part to about 9,600 feet on up-
land surfaces in the western part of the district; in the
valley of North Clear Creek, the principal stream in
the area, local relief is moderate. The bedrock is gen-
erally well exposed except on wooded north-facing
slopes, on local upland surfaces having low relief, and
in the southeastern part of the district.

This report is concerned primarily with description
and interpretation of the Precambrian rocks, but the
metalliferous veins, Tertiary intrusive rocks, and alluvi-
um-colluvium deposits are shown on the geologic map
(pl 1) in order to make the map as complete as possi-
ble. For information concerning details of the Terti-
ary rocks and the veins, as well as locations and descrip-
tions of the mines, the reader is referred to previously
published reports (Sims, Drake, and Tooker, 1963;
Wells, 1960 ; Sims and others, 1963).

PREVIOUS GEOLOGIC STUDIES

Many geologic studies, both local and regional,
describe the Central City district and adjacent mining
districts, but as might be expected because of the past
economic importance of the region, most of these stud-
ies have emphasized the economic geology or some par-
ticular phase of the ore deposits. The studies dealing
largely with the economic geology have been listed in a
previous paper (Sims, Drake, and Tooker, 1963). The
most authoritative studies that have dealt with the
country rocks as well as with the ore deposits are those
by Bastin and Hill (1917) and, more recently, Lovering
and Goddard (1950). These investigations, published
as Professional Papers by the U.S. Geological Survey,
describe the gross features of the Precambrian rocks
of the region and have provided an excellent frame-
work for our more detailed investigations.

PRESENT INVESTIGATION AND ACKNOWLEDGMENTS

The fieldwork on which this report is based was done
in the summers of 1952-55 as part of the U.S. Geological
Survey’s geologic investigations of the mining districts
in the central part of the Front Range mineral belt on

1 behalf of the Raw Materials Division of the U.S.

Atomic Energy Commission. The mapping was done
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on a special topographic base (scale of 1:6,000 and a
contour interval of 20 feet) prepared by the Topo-
graphic Division of the Geological Survey from aerial
photographs taken in 1951. The mapping was done by
P. K. Sims, R. H. Moench, A. A. Drake, Jr., E. W.
Tooker, and A. E. Dearth; the areas of responsibility
are shown by the index map, which appears on the
geologic map of the district (pl. 1).

Concurrently with this investigation, the adjacent
mining districts were mapped as follows: The Idaho
Springs district by R. H. Moench and A. A. Drake;
the Lawson-Dumont-Fall River district, by C. C. Haw-
ley and F. B. Moore (written commun., 1961) ; the Free-
land-Lamartine district, by Harrison and Wells (1956) ;
and the Chicago Creek area, by Harrison and Wells
(1959). Upon completing the district studies, the data
were integrated into two geologic reports: a synoptic
description of the uranium and associated ore deposits
by Sims and others (1963) and a paper on the structure
of the Precambrian rocks by Moench, Harrison, and
Sims (1962).

As the Precambrian rocks in the central part of the
Front Range had not been studied other than qualita-
tively prior to our investigations, we undertook quan-
titative mineralogic studies and limited chemical in-
vestigations of the major rock units. Modal analyses
were made of standard thin sections that were cut gen-
erally normal to the lineation. In general, 800-1,000
counts were made of each section, but where more
detailed analyses were desired—for example, to cal-
culate a chemical composition of the rock from the
mode—2,000-3,000 counts were made of a section.
Modes determined in this way were found to be ade-
quate for computation of chemical compositions, as
the rocks are generally moderately homogeneous and
equigranular and have grain sizes of a millimeter or
less. Counting was done with a point-count mechani-
cal stage and cell counter (Chayes, 1949). Fewer
counts were made for the modes of three rock types:
cordierite-amphibole gneiss, calc-silicate gneiss and
related rocks, and granodiorite and associated rocks.
Accordingly, the modes of these rocks are indicated in
the tables as approximate.

The rocks that contain poorly twinned feldspars were
prepared, as suggested by Chayes (1952), by use of
hydrofluoric acid as an etching agent and sodium cobal-
tinitrite as a stain. Some pegmatites that are distinctly
coarser grained than the other rocks were stained and
counted by a superposed transparent grid.

To determine chemical compositions of certain of the
rock units, emphasis was placed on calculating the com-
position from the modes, a method shown to be highly
satisfactory by Engel and Engel (1958). For control,
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the chemical compositions of some representative
samples of the important rock types and of some major
components having variable composition, such as potas-
sium feldspar and biotite, were determined by appro-
priate wet-chemical, spectrochemical, and X-ray anal-
ysis. Compositions of plagioclase were determined
mainly by optical constants. Densities were determined
directly by use of a micropycnometer or were calculated
from compositional data.

The laboratory studies were carried on jointly by us.
R. H. Moench assisted in the early stages of the miner-
alogic studies and was particularly helpful in the
studies of cordierite-amphibole gneiss, calc-silicate
gneiss, and granodiorite and associated rocks. E. J.
Young, of the Geological Survey, determined the com-
positions of several potassium feldspars and garnets.

Thin sections and spectrochemical and chemical
analyses were provided by many individuals in the
Geological Survey. The individuals responsible for
analyses are credited in the body of the report.

GEOLOGIC SETTING

The Front Range at the latitude of the Central City
district consists of Precambrian rocks that are intruded
by numerous small bodies of porphyritic igneous rocks
of early Tertiary (Laramide) age. The Tertiary ig-
neous rocks and associated ore deposits lie mainly
within a narrow northeast-trending belt that consti-
tutes the Front Range segment of the Colorado mineral
belt. This belt contains all the important mining dis-
tricts of the Front Range except Cripple Creek and a
few uranium-bearing areas in Jefferson County (Sims
and Sheridan, 1964).

The Precambrian rocks in the Central City district
and immediate environs (fig. 2) are interlayered and
generally conformable gneisses, migmatites, and intru-
sive igneous rocks, some of which are metamorphosed.
The gneisses are high-grade metamorphic rocks that
have been thoroughly recrystallized and reconstituted
and, except for lithologic layering, have no recogniz-
able primary structures and textures.

The oldest rocks in the area are a layered succession
consisting mainly of migmatized biotite gneiss units
and microcline-quartz-plagioclase-biotite gneiss (micro-
cline gneiss) units. Associated with these rocks are
relatively small bodies of amphibolite, calc-silicate
gneiss and related skarn, cordierite-amphibole gneiss,
quartz-spessartite-magnetite gneiss, and quartz gneiss.
The biotite gneiss and the microcline gneiss are inter-
layered on a gross scale; the units of gach of the rock
types are repeated in the succession, as is shown in
table 1 and on figure 3. The succession probably rep-
resents a normal stratigraphic order, for the recognized
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rock units have a consistent vertical position through-
out the area that has been mapped (Moench, Harrison,
and Sims, 1962). We estimate that the layered strata
exposed in the area have a maximum total thickness of
13,500 feet.

TaBLE 1.—Lithologic succession of Precambrian layered rocks,
central part of Front Range mineral belt, Colorado

[Based on Moench, Harrison, and Sims, 1962, table 1. Rock units are
listed from youngest to oldest in the probable normal stratigraphic

sequence]

Estimated
mazimum
thickness

Rock units (feet)
Microcline gneiss (Lawson layer). Microcline-quartz-
plagioclase-biotite gneiss; has average composition
of quartz monzonite; contains several bodies of
amphibolite ________________ - >2,500
Biotite gneiss. Consists of interlayered biotite-quartz-
plagioclase gneiss and sillimanitic biotite-quartz
gneiss ; contains small bodies of garnetiferous biotite
gneiss, quartz gneiss, and calc-silicate gneiss; mig-
matite, contains abundant granite gneiss and peg-
matite in southern part of region__________________
Microcline gneiss (Quartz Hill layer).! Microcline-
quartz-plagioclase-biotite gneiss; has average com-
position of quartz monzonite; contains several thin
layers and lenses of biotite gneiss, amphibolite, and
cale-silicate gneiss and related rocks_______________
Biotite gneiss. Similar in lithology to biotite gneiss
unit described above. Unit probably pinches out to
southwest ____
Microcline gneiss (Big Five layer).? Microcline-
quartz, plagioclase-biotite gneiss; small bodies of
amphibolite occur along margins; intercalated with
granite gneiss and pegmatite______________________
Biotite gneiss. Similar to biotite gneisses described
above; south of Clear Creek, upper part of unit is
largely replaced by granite gneiss and pegmatite_._ >1, 000

4, 000

3, 000

2, 000

1, 000

1 Central City layer of Moench, Harrison, and Sims.
2 Idaho Springs layer of Moench, Harrison, and Sims.

Intruded into the layered rocks are—in order of their
emplacement—granodiorite, quartz diorite and associ-
ated hornblendite, and biotite-muscovite granite.

The metamorphic rocks in the area are folded along
northeast-trending axes and are also cataclastically
deformed in the southeast part (fig. 2). The folding
and cataclasis resulted from two distinct episodes of
deformation: an older pervasive plastic deformation
that took place under high confining pressures, and a
younger deformation at shallower depths (Moench,
Harrison, and Sims, 1962). Concurrently with the
older deformation, the rocks were thoroughly recrystal-
lized, the biotite gneisses—and to a lesser extent, other
rocks—were migmatized, and the series of Precambrian
intrusive rocks was emplaced. The older intrusive
rocks of the series were deformed, in part at least,
after crystallization; the youngest intrusive—biotite-
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muscovite granite—was emplaced sufficiently late in the
period of deformation to escape recrystallization. All
the intrusive rocks within the zone of cataclasis were
locally granulated.

Folds formed during the earlier period of plastic
deformation are outlined by the lithologic units and
constitute the structural framework of the region (fig.
2). They are mainly broad open anticlines and syn-
clines whose axes trend sinuously north-northeast and
are spaced 1-2 miles apart. Without exception the
axial planes are steep. In general, the fold axes are
nearly horizontal or plunge at low angles, but to the
south near the body of granodiorite exposed southwest
of Idaho Springs (fig. 2), the axes plunge steeply to
the northeast. Folds of similar trend but smaller mag-
nitude are abundant on the limbs of the major folds.
Many of these folds resemble the major folds because
they are open and have gently dipping limbs; how-
ever, many others are upright to overturned closed
folds, and a few.are recumbent. Most folds, regard-
less of size, are disharmonic—that is, their configura-
tion is not uniform throughout the stratigraphic
column.

The younger deformation was largely confined to a
zone about 2 miles wide that passes through the town
of Idaho Springs (fig. 2). This zone has been called
the Idaho Springs-Ralston shear zone (Tweto and
Sims, 1963, p. 998). Within this zone, small folds
formed in the relatively incompetent rocks—such as
the biotite gneisses and migmatite—and the more com-
petent rocks—such as the microcline gneiss and biotite-
muscovite granite—were locally intensely granulated.
The younger folds trend N. 55°-60° E. and are super-
posed on the older folds. Their form is controlled
largely by their geometric relation to the preexisting
rock attitude. Their axial planes are straight, and their
asymmetry indicates that their northwest limbs moved
upward relative to their southeast limbs. The largest
known fold of this system has a wave length of about
400 feet.

Within the area (fig. 2) lineations in the Precam-
brian rocks can be related to the two fold systems, as
is shown in table 2. The dominant lineations are
nearly parallel to the axes of the major folds (B,).
Less abundant lineations are oriented nearly at right
angles (A,) to the major fold axes. In the zone of
younger folding, lineations are both parallel to (B,)
and nearly at right angles to (A;) the axes of the prin-
cipal younger folds.

Both episodes of folding have been shown by regional
relationships to be Precambrian in age (Tweto and
Sims, 1963). Neither, however, has been dated as yet
by absolute-age determination methods. Data on the
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age of a pegmatite at Central City, which is undeformed
and cuts rocks folded during the plastic deformation,
and of a granite that is equivalent to the biotite-
muscovite granite of this report, however, indicate that
the older deformation occurred not later than about
1,300 million years ago (table 3). The younger cata-
clastic deformation occurred necessarily less than 1,300
million years ago, at least in this area, for structures
of this episode postdate emplacement of the biotite-
muscovite granite. Studies that attempt to determine
the absolute ages of the two deformations by different
methods are now underway.

TaBLE 2.— Types, inferred genesis, and abundance of lineations re-
lated to the two fold systems

[The bearings of the coordinates are averages; By and A, however, are remarkably
consistent. The inferred genesis of each type of lineation is shown in parentheses]

Lineation (genesis) Abundance
Older deformation
B, (N. 30° E.)_..| Folds (flexure) . ________.___ Very abundant.
Mineral alinements (re- Do.
crystallization).
A, (N.60° W.)__| Folds (flexure) .. __________ Common.
Boudinage (tension)_______ Rare.
Mineral alinements (re- Do.
crystallization).
Younger deformation
B, (N. 55° E.)___| Folds (flexure) . ___________ Very abundant.
Boudinage (tension)_______ Rare.
Mineral alinements (re- Do.
crystallization).
A, (N. 25° W) __ Slipke)nside striae (stretch- | Very abundant.
ing).

TABLE 3.—Absolute ages of rocks from the central part of the
Front Range, Colo.

Age (millions of years)
Location Rock Mineral
Pb-U K-Ar | Rb-Sr
Pb-Th
Silver Plume1l. Biltt)tite-musoovtte gran- | Biotite._.___|._____._____ 1,230 | 1,350
. e.
..... Ao ioeoeae.| Muscovite._|._._...____.| 1,210 | 1,360
Central City2.| Pegmatite_. .._.__..__.. Uraninite...| 1, 300100

1 Source: Aldrich and others (1958, p. 1130).
¢ Source: Phair and Gottfried (1958); George Phair (written commun., 1960).

ROCK UNITS

The Precambrian rocks exposed in the Central City
district are dominantly microcline-quartz-plagioclase-
biotite gneiss (microcline gneiss) and biotite gneiss
(pl. 1). These rocks are associated with small lenses
and layers of other types of metamorphic rocks and are
intruded by a few small generally concordant bodies of
granodiorite, quartz diorite and hornblendite, biotite-
muscovite granite, and pegmatites of several types.
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The gneisses form a layered sequence that probably
formed from a former dominantly sedimentary se-
quence. They attained their present character through
dynamothermal metamorphism and, locally, modifica-
tion by the addition or subtraction of rock-forming
materials.

The intrusive rocks are interpreted from their field
relationships and compositions to have been emplaced
mainly as magmas and attendant mobile phases. Em-
placement of each distinct type of intrusive rock was
contemporaneous with the dominant (plastic) episode
of deformation, and accordingly they are classed as
syntectonic intrusives.

TERMINOLOGY USED IN THIS REPORT

The terminology used in this report differs from that
commonly found in earlier publications describing the
Precambrian rocks of the Front Range. Accordingly,
a review of the terminology and the reasons for adopt-
ing a different nomenclature are given in this section.
It should be noted that a terminology similar to that
used in this report has been used in reports on adjacent
mining districts that were studied concurrently with
the Central City district. (See Harrison and Wells,
1956, 1959.) Also, the problem of terminology as ap-
plied to rocks in the Front Range has been considered
in a recent paper by Wahlstrom and Kim (1959, p.
1218-1219).

Heretofore, the Precambrian rocks of the Front
Range have commonly been assigned to formations,
mainly on the basis of gross similarities in lithology.
The terminology that has been in common usage is
summarized in the report by Lovering and Goddard
(1950, p. 19-29). The principal formations of meta-
morphic rocks as distinguished in the Front Range are
the Idaho Springs and the Swandyke, each of which
shows approximately the same degree of metamor-
phism. The Idaho Springs Formation was originally
defined by Ball (1906) to include the biotite gneisses and
schists and closely associated rocks in the Idaho Springs
region (Spurr, Garrey, and Ball, 1908), which he con-
sidered to be metamorphosed sediments. The Swan-
dyke Hornblende Gneiss was named by Lovering (1935,
p- 10) from the Montezuma quadrangle, on the west
side of the Front Range, to include dominant horn-
blendic gneisses and schists and some interlayered
quartz schists. Lovering (1935, p. 11) considered the
rock to be a metamorphosed igneous rock intermediate
between gabbro and diorite in composition and con-
sidered it to be younger than the Idaho Springs Forma-
tion. Later, Lovering and Goddard (1950, p. 20) in-
terpreted the Swandyke Hornblende Gneiss as mainly
the product of metamorphism of quartz diorite flows
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or sills interbedded with clastic sedimentary rocks and
suggested that it was in part contemporaneous and in
part younger than the upper part of the Idaho Springs
Formation. In recent years, these two formations have
commonly been extended to include all the biotite
gneisses and all the hornblende gneisses, respectively,
in the Front Range.

In the same way, the intrusive rocks in the Front
Range have been classified on the basis of lithology and
gross characteristics into three types: the Boulder
Creek Granite and associated quartz monzonite, the
Silver Plume Granite, and the Pikes Peak Granite. In-
ternal structures of the intrusive bodies and contact
relations have generally not been defined carefully be-
cause of a lack of detailed mapping. Other rock units
that have been distinguished as informal cartographic
units by Lovering and Goddard (1950) are quartz
monzonite gneiss and gneissic pegmatite, granite gneiss
and gneissic aplite, and quartz diorite and hornblendite.
Each has been interpreted to be of igneous derivation.

The recent geologic mapping in the central part of the
Front Range has shown that the Idaho Springs Forma-
tion and the Swandyke Hornblende Gneiss, as mapped
by Lovering and Goddard (1950, pl. 2), are not time-
stratigraphic units. Instead, they each consist of litho-
logic units that are repeated in the section but that can
probably be mapped as individual stratigraphic units.
In the same way, the granite gneiss of Bastin and Hill
(1917) and the quartz monzonite gneiss of Lovering
and Goddard (1950) in this area, which erroneously
have been considered igneous in origin, have no time-
stratigraphic significance. These rocks are interlayered
repeatedly with biotite gneisses. (See fig.3.) Further,
confusion has resulted from erroneous correlations of
individual masses of these granitic-appearing gneisses,
as can be seen by comparing the map of Lovering and
Goddard (1950, fig. 2) with figure 2 of this report.

The existing terminology for the major igneous rock
types is less equivocal than that for the metamorphic
rocks, but until further geologic mapping is done and
many absolute age determinations become available, it
seems advisable to use these terms with caution; how-
ever, the designation of a specific petrographic rock
type could perhaps be made without implication as to
probable stratigraphic equivalence among rock types.
We know, however, that the biotite-muscovite granite
of this area is equivalent to the Silver Plume Granite at
the type section at Silver Plume, Colo., for the rock can
be traced nearly continuously from the type area
through the Lawson-Dumont-Fall River district (C. C.
Hawley and F. B. Moore, written commun., 1961) into
the Central City district. Correlation with the other
two-mica granites in the Front Range and elsewhere in
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central Colorado, though, is at present problematical.
Also, the granodiorite of this report almost certainly
is equivalent to the intrusive granitic rocks in the
Boulder Creek pluton, west of Boulder (Lovering and
Goddard, 1950, pl. 2), for rocks from the two localities
are similar both lithologically and structurally.

The need for discrimination of more precise carto-
graphic units and, where possible, of time-equivalent
units has led us to not use the existing terminology and
to define the units in terms of lithology without formal
designation. Later, upon completing geologic mapping
in a much larger area, a new stratigraphic nomenclature
can possibly be proposed, at least for many of the rock
units in the Precambrian complex. The lithologic
names used herein are assigned on the basis of quanti-
tative mineral content and on the presence of diagnostic
minerals. The rock units used in this report and the
equivalent units distinguished, at least for cartographic
purposes, by earlier investigators are listed in table 4.

TABLE 4.—Correlation of rock units used in this report with
those of previous inmvestigators

Lovering and Goddard

' Bastin and Hill (1017)
(1950, pl. 2)

This report

Biotite-muscovite granite Not mapped Silver Plume granite

Quartz diorite and horn-
blendite

Hornblende schist of

Quartz diorite and asso-
Idaho Springs formation

ciated hornblendite

Boulder Creek granite and

Biotite granite, probably !
quartz monzonite

a phase of Silver Plume
granite; granite gneiss

QGranodiorite and associ-
ated rocks

Pegmatite

Granite pegmatite

Pegmatite

Biotite gneiss

Quartz-biotite schist of
Idaho Springs formation

Idaho Springs formation

Amphibolite

Hornblende schist of
Idaho Springs formation

Swandyke hornblende
gneiss

Calc-silicate gneiss and re-
lated rocks; Cordierite-
amphibole gneiss

Not mapped as separate
units

Not mapped as separate
unit; generally included in
Idaho Springs formation

Microcline-quartz-plagio-
clase-biotite gneiss

Granite gneiss

Granite gneiss and gneissic
aplite or quartz monzo-

nite gneiss and gneissic
pegmatite

METAMORPHOSED LAYERED ROCKS

Metamorphic rocks constitute more than 90 percent
of the bedrock (pl. 1) and thus dominate the lithology
of the district. Microcline gneiss, the principal rock
type, is exposed in the core of the major anticline of the
district; it crops out as a shieldlike northeast-trending
body that tapers to the southwest. Biotite gneisses con-
formably overlie and, except to the north, flank the
microcline gneiss; they contain a thin layer of micro-
cline gneiss near the base. Amphibolite, cordierite-
amphibole gneiss, and cale-silicate gneiss and related
rocks occur as small bodies within the main mass of
microcline gneiss, and calc-silicate gneiss occurs also in
the larger body of biotite gneisses. All the biotite
gneisses contain varying amounts of pegmatite, both
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as thin conformable wisps and streaks that form mig-
matite and as larger discrete mappable bodies. The
microcline gneiss contains irregularly defined bodies of
pegmatite.

A lithologic succession for the gross rock units at
Central City can be established with confidence, because
the pattern of folding is relatively simple and the rocks
dip at low angles. The succession is based on the as-
sumption that the exposed rocks are upright, a condition
which seems certain from the regional structural and
stratigraphic patterns (Moench, Harrison, and Sims,
1962). Further, the gross lithologic layering probably
represents an originally bedded succession; on a large
scale as well as on a small scale, layering in the rocks
appears to represent relict bedding. Unquestionably,
metamorphic differentiation cannot be demonstrated to
operate on such a scale as to yield units several hundred
feet or more thick.

In the sections that follow, we first discuss the strati-
graphic relationships of the metamorphic rocks and
then describe the various rock types. Insofar as pos-
sible the rocks are described in order of relative age,
but it should be kept in mind that many of the rock
types appear more than once in the stratigraphic
succession.

LITHOLOGIC SUCCESSION OF LAYERED ROCKS

The gross succession of layered Precambrian rocks in
the Central City district consists of a thick unit of
microcline gneiss overlain and underlain by units of
biotite gneiss (pl. 2). The position of these rock units
relative to the sequence in the larger area mapped dur-
ing related investigations can be seen by reference to
figure 3 or to the more detailed sections published in an
earlier paper (Moench, Harrison, and Sims, 1962).

The areally widespread microcline gneiss unit, desig-
nated informally as the Quartz Hill layer on figure 3,
extends southward at the surface into the adjacent
Idaho Springs district and thence for several miles to
the east. The unit is probably about 3,000 feet thick
in the Central City district; it pinches out to the south-
west but probably thickens eastward from Idaho
Springs.

The layer of biotite gneiss that overlies the Quartz
Hill layer is equally widespread, extending to the west
and east for a few miles. It has an estimated maximum
thickness of 4,000 feet regionally, but only a few hun-
dred feet of the lower part of the unit is exposed within
the Central City district. The layer of biotite gneiss
that lies stratigraphically below the Quartz Hill layer
of microcline gneiss is not exposed within the Central
City district but was intersected in the Argo tunnel
(section C-C’, pl. 2, this report; Sims, Drake, and
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Tooker, 1963, fig. 20) at a vertical depth of about 1,500
feet below the surface. It probably lies immediately
below the amphibolite lens mapped along the axis of
the Central City anticline in the valley of North Clear
Creek, as is shown in sections A-A4’ and E-E”, plate 2.
This biotite gneiss layer is estimated from exposures
just north of Idaho Springs (figs. 2 and 3) to beasmuch
as 2,000 feet thick.

The microcline gneiss layer contains numerous lenses
and layers of other metamorphic rocks, some of which
appear to constitute local stratigraphic marker beds
(pls. 1 and 2). Amphibolite is widely distributed
through the Quartz Hill layer and is abundant at the
upper and lower contacts. Within the layer, several
amphibolite bodies and associated calc-silicate gneiss
bodies can be traced almost continuously for distances of
a few hundred to several hundred feet along the strike.
Cordierite-amphibole gneiss bodies are sparse and ap-
parently erratically distributed. Biotite gneiss, on the
other hand, forms some persistent but thin layers that
constitute excellent marker beds in the layer. A layer
200-250 feet thick that is 900-1,000 feet below the top
of the microcline gneiss layer (sections D-D’ and E-E’,
pl. 2) underlies most of Quartz Hill and probably ex-
tends over an area of more than a square mile. It has
been traced through the mine workings on Quartz Hill;
it should intersect the surface on the north slope of the
hill, as can be seen in section Z—E’, plate 2, but it has
not been identified there because of the cover of collu-
vium that obscures the bedrock. Another thin layer of
biotite gneiss has been noted locally on Quartz Hill
about 650 feet vertically below this layer (see section
D-D’, pl. 2), and still others, apparently of much lesser
areal extent, lie above it. These layers have been ex-
posed at shallow depths in some of the mine workings in
the Quartz Hill-Upper Russell Gulch area (Sims,
Drake, and Tooker, 1963).

The biotite gneiss layer that lies above the microcline
gneiss consists dominantly of sillimanitic biotite-quartz
gneiss and biotite-quartz-plagioclase gneiss that are
interlayered in beds a few inches to several tens of feet
thick. This biotite gneiss layer contains lenticular
layers of garnetiferous biotite-quartz-plagioclase gneiss
and local lenses and pods of cale-silicate gneiss and
cordierite-amphibole gneiss. The biotite gneisses are
migmatitic and contain abundant discrete bodies of peg-
matite, as is shown on plate 1. A layer of microcline-
quartz-plagioclase-biotite gneiss, less than 100 feet thick,
lies about 200 feet above the base of the biotite gneiss
unit on Silver Hill (pl. 1). Local concentrations of
xenotime and monazite occur at three localities in the
biotite gneiss layer in the eastern part of the district
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(Young and Sims, 1961) ; each occurrence is about 100
feet stratigraphically above the base of the layer.

The biotite gneiss layer that lies beneath the micro-
cline gneiss unit is relatively unknown from studies in
the district, but R. H. Moench’s investigations in the
adjacent Idaho Springs district indicate that it is sim-
ilar lithologically to the upper layer. This layer is not
discussed in the pages that follow.

MICROCLINE GNEISS

Microcline gneiss, technically microcline-quartz-pla-
gioclase-biotite gneiss, is a granitic-appearing rock that
was earlier called granite gneiss, both by previous in-
vestigators (table 4) and by Sims (Sims, Osterwald,
and Tooker, 1955, p. 8). Sims (1956, p. 742, table 1)
referred to it also as quartz monzonite gneiss.

GENERAL CHARACTER

The contacts between microcline gneiss and included
bodies of biotite gneiss and amphibolite and also the
overlying layer of biotite gneiss are conformable and
typically gradational across a few inchs. The grada-
tion between microcline gneiss and amphibolite is
marked locally by the presence of hornblende dispersed
through the gneiss immediately adjacent to and as much
as a few inches away from the amphibolite. The
gradation from microcline gneiss to biotite gneiss is
marked dominantly by a decrease in microcline and an
increase in biotite across a width of a few inches. In
addition, the rock becomes noticeably finer grained near
the biotite gneiss. Also, adjacent to garnetiferous va-
rieties of biotite gneiss, the microcline gneiss contains a
few scattered disseminated garnets,as is shown by the
modes given in table 5.

The microcline gneiss is a very light gray to medium
gray ' generally medium grained equigranular layered
rock. It weathers to yellowish gray, gray orange pink,
very pale orange, or intermediate hues of these colors.
Outcrops of the gneiss are typically smooth and form
more or less rounded low knobs or rolling surfaces;
where joints are numerous, the rock forms angular bold
exposures. The rock has a well-defined foliation given
by the segregation of the minerals into light and dark
layers and by a subparallel arrangement of the tabular
and platy minerals. Most phases have a conspicuous
layering marked by regular paper-thin parallel streaks
and wisps of biotite. Some phases, however, are poorly
foliated because they contain irregularly dispersed, un-
oriented plates of biotite, and still others contain so little
biotite that they appear massive. The perfection of the
layering depends to a large extent upon the amount of

1In this report, colors are determined from the National Research
Council “Rock-Color Chart” of Goddard and others (1948).
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biotite in the rock and the degree to which it is con
centrated in layers.

PETROGRAPHY

The microcline-quartz-plagioclase-biotite gneiss is
equigranular and has an allotriomorphic granular tex-
ture. The principal minerals vary in amounts and pro-
portions, as shown in table 5 and on figure 4.

Quartz
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Plagioclase

K-feldspar

FIGURE 4.—Triangular diagram showing variations in composition, in
volume percent, of microline gneiss. (Field of associated biotite-
plagioclase gneiss is along QP boundary.) 66 plots.

Plagioclase (oligoclase), the most abundant mineral,
forms anhedral or, rarely, subhedral grains as much as
3 or 4 mm in diameter that tend to be surrounded by
the other dominant minerals. Characteristically, the
plagioclase has simple albite twinning that is moder-
ately well formed, but some grains have no visible twin-
ning and others show a patchy twinning. Where in
contact with microcline grains, narrow albitic rims or
myrmekite are common. Except for the rims, most
of the plagioclase crystals are clouded with alteration
products, mainly clay minerals but locally sericite. In
a few sections, small patches of microcline (patch anti-
perthite) were observed in the plagioclase grains.

Quartz occurs as anhedral grains that generally show
strain shadows and as myrmekitic intergrowths with
plagioclase and biotite. The larger quartz grains have
two principal modes of occurrence: (a) subrounded
grains in plagioclase or, less commonly, in other mineral
grains, and (b) irregular anastamosing grains that em-
bay plagioclase in particular or are largely interstitial
to feldspar grains. Some quartz has visible fluid in-
clusions, and some contains fine hairlike rutile(?).
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TABLE 5.—Modes, in volume percent, of microcline-quartz-plagioclase-biotite gneiss from Quartz Hill layer

[Tr., trace. Sample localities are listed at top of p. C12]

Sample, 9 10 11 12 13 14 15 16
Field No 8667-52 | S656-1-52 | B301-A~53 | B651-52 | 8392-53 | B575-1-53 | 8484-53 | 8482-53
Mierocline.. 3 A A 3 3 . X . . 23.4

Plagioclase

Quartz_ .

Biotite

Muscovite.

Magnetite..._...__
Hematite._.
Zircon. .-
Sphene..
Apatite_._.___...__

Hornblende. . ..___
Epidote. ..
Chlorite.
Garnet. _
Allanite. __.._...__

Monazite(?)_ ...
Caleite. .-

Fluorite(?)
8pinel(?) . ..__-

Composition of
plagioclase. ... |- o |oooceaaos Angg |aceeooeen PN (¥ S (RO IR SR R PN (STIR (ORI FRIR) (SRS PRI NS N
Average grain size
millimeters__| 0.35 0.5 0.5 0.5 0.3| 0.5 0.5 0.45 [ 3% 75 S, 0.6 0.356 0.5 0.35 0.6 0.6

Sample.__._____._________. 17 18 19 20 21 22 2 24 25 26 27 28 29 30 31
Field Neo...___..___ ... 5486-83 | 851-62 | 882-52 | 8122-52 | 8129A-52 | 8149-52 | 8171-A-52 | S171-B-562 | M477-1 | M409 | M418 | 10-556 | 58-65 | 842-55 | 5200-53

Magnetite.________._______

Hematite.

Zircon. .
Sphene..
Apatite. . ___________._____
Hornblende_ ... __...____.
Epidote.____________
Chlorite.__
Garnet.._.
Allanite...________________
Monazite(?) oo oo
aleite . _________
Fluorite(?)..
Spinel(?)____ _
Composition of plagio-
clase..... [ RS O Anz Any | Amgn Anig-gs | Amsi Anien Anye-17 Anyy | Anis [Anu-is | Angg | ADig ooooeoofooiaoaes
Average grain size
millimeters. - 0.7]0.5-1.0 0.6 0.2 0.5 0.5 1.0 0.8 0.9 .. 1.0} 0.35]| 0.65 0.35 0.3
Sample .. ... ... 32 33 34 35 36 37 38 39 40 41 42 43 “ 45
Average of
Field No. ... $522-52 | S452-52 | S416-52 | M455 | M4bg | M475 | M4g2-1 | M563 | M587 | M-773 | EWT | EWT | EWT | EWT | 66 modes !
102-54 | 107-54 | 109-54 | 110-54
13 6 25 12 15 Tr, 1 19.5 22.6 2.0 15.8
51 48 41 42 54 45.9 39.7 45.5 46.7 44.2
29 36 29 34 29 37 3 36.2 27.6 46.3 33.9
6 9 4 12 2 Tr. Tr. 2.9 5.0 4.2
4\ N NSO FRSURIN AU . 13 |oeecaeee 1.0
Tr. Tr. Tr. Tr. Tr. Tr. 3.0 3.5 1 gr .6
___________________________ CRUIPRON ISR AU SN RS (RS, T.
Tr. Tr., Tr. Tr, Tr. Tr. Tr Tr Tr Tr.
8phene._._ ..o ocooooiooo Tr. Tr. .1 Tr. Tr. Tr. Tr. Tr. .
Apatite. . PR o 1 Tr Tr Tr, Tr. Tro oo Tr feecacnen
.4
Fluorite(?) .- coC
Bpinel(?) .o oo eeoos
Composition of plagioclase . . __|-wooocauoo]|ooooooo. Angs | Anggy | Angerr | Ange Ane | Angg oo Any | Anyi | Anis| Anp | Ans =~Any
Average grain size
millimeters. - 0.65 0.3 0.5 0 U5 (8 RORRSORPRRN RSSORRRNO [SORUSIIOUEPUN PRI RUIPRIIY SR, 0.5 0.5 0.5 0.6 |oooeeeene

1 Includes modes for 21 samples not listed in this table.
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LOCALITIES OF SAMPLES LISTED IN TABLE 5

. West of Central City just north of Eureka Gulch.

. Southeast slope of Nevada Hill, north of Eureka Gulch.

Near Kent County mine, north slope of Quartz Hill.

Top of Nevada Hill.

Near Oranbako mine, Kings Flat.

. Outcrop 500 £t northwest of loc. 1.

. North of Main Street in Central City.

South slope of ridge between Leavenworth Gulch and Russell Gulch.

. Northeast slope of Quartz Hill, above large bend in Nevada Gulch,
just west of Central City.

10. Near small mine south of Nevada Gulch, along axis of syncline

northeast of Patch.

11, Just off top of Nevada Hill, along north slope.

12. Outerop 500 ft northwest of loc. 10.

13. Area along south slope of Nevada Hill, just above Eureka Gulch.

14. Outcrop along west slope of Nigger Hill, 750 ft above Eureka Gulch.

15. Outcrop 600 £t north of loc. 16.

16. Outerop north of Nevada Gulch road and west of the cemetery.

17. Area south of Grand Army shaft, north of loc. 15.

'18. Pit near Alps shaft, Quartz Hill area.

19. Outcrop northwest of loc. 8, about 1,500 ft along nose of ridge.

20. Outcrop north of head of Russell Gulch.

21. Nose of ridge, east slope of Alps Hill.

22. Slope south of Alps Hill above Russell Gulch.

23. Outcrops approximately 500 ft south and slightly west of loc. 8.

CERAP A @R

Microcline forms anhedral crystals that commonly
embay plagioclase or are interstitial to it. It has both
conspicuous grid twinning and undulating extinction
and contains fine film perthitic intergrowths of plagio-
clase.

Biotite forms ragged subhedral stubby laths, and gen-
erally has a well-defined planar and crystallographic
orientation. At places it is intergrown with muscovite,
and commonly it is altered to some extent to a green
chlorite having anomalous blue interference colors and
associated opaque iron oxides. It is a distinctly green-
ish variety, generally having grayish-yellow to olive-
green pleochroism, but it varies slightly and locally is
olive brown. Optical data and composition of two bio-
tites are given in table 7.

The gneiss contains many minor minerals. Magne-
tite occurs throughout, and in some varieties of the rock
it is more conspicuous than biotite; it is associated with
hematite, sparse ilmenite, and, locally, pyrite. Simi-
larly, zircon and apatite are very common. Zircon
forms tiny euhedral or anhedral crystals, commonly
distinctly pink, that are dispersed through the rock and
form distinet pleochroic halos in biotite. A few grains
are clearly zoned and consist of pink cores and nearly
colorless outer zones. Hornblende is locally common
(sample 1, table 5). It forms ragged generally sub-
hedral crystals, typically intergrown with or altered to
biotite, that have a greenish-yeliow to dark yellowish-
green or bluish-green pleochroism. Red garnet, prob-
ably almandine, is local in occurrence. Allanite is a
local mineral. It occurs as subhedral crystals as much
as 3 mm in maximum-diameter that are mottled orange
and reddish brown and are strongly pleochroic. Epi-
dote, chlorite, and calcite are local alteration products.

24. Same as loc. 23.

25. North side of Illinois Gulch, just east of granodiorite body.

26. South side of Russell Gulch, 1,200 £t above loc. 27.

27. South side of Russell Gulch, 1,000 ft west of junction with Illinois
Gulch.

28. Dump of 16-1 mine, north edge of district.

29. Area at junction of Missouri Canyon and stream from Missouri
Falls.

30. Top of hill southwest of Missouri Falls.
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